and their adjusted correlation analysis (Forbes and Rigobon, 2002) 
Introduction
The existent literature provides many definitions of contagion in financial markets (for an overview see e.g., Forbes & Rigobon, 2001; Dornbusch et al., 2001; Corsetti et al., 2002; Pericoli & Sbracia, 2003; Baur & Lucey, 2009 ) and a range of statistical procedures for testing its occurrence in financial market 1 . Forbes and Rigobon (2001) provide one of the most commonly accepted definition of contagion, namely the "shift contagion -a shift or change in how shocks spread from one country (or asset class) to another during normal periods (pre-crisis) and how during crisis periods. (Shift) contagion in this paper is defined as a significant positive increase in correlation between (pair-wise observed) stock market returns in the crisis period compared to non-crisis period.
Contagion has to be separated from interdependence. As Forbes and Rigobon (2002) argue, if two markets are traditionally highly correlated, and the correlation does not increase significantly after a shock in one market, then any continued high level of market co-movement suggests strong real linkages between the two economies. In this case there is no contagion but only high interdependence. To separate contagion from interdependence statistically, it is important to identify common factors which impact upon all countries simultaneously (Dungey et al., 2005) . A failure to model common factors may result in tests of contagion being biased towards a positive finding of contagion. The test of Forbes and Rigobon (2002) applies a Vector Autoregression (VAR) analysis and uses its residuals in the contagion test. By explicitly including common variables into the model, the Forbes and Rigobon's (2002) test also resolves the issue of modeling structural breaks in the common variables time series (Dungey et al., 2005) . Typical common factors are proxied by including into the model variables such as international interest rates and trade, while in the present paper we include also variables of stock market indices and volatility index (index VIX).
There are some issues with the contagion test of Forbes and Rigobon (2002) that deserve reconsideration. The first issue that is weakly addressed is the simultaneity bias and potential weak instrument trade-off. Dungey et al., (2005) prove that the test of Forbes and Rigobon (2002) is prone to simultaneity bias if the test is implemented by changing the exogeneity status of the source country.
The next issue is how the crisis period is defined. In the test of Forbes and Rigobon (2002) it is defined subjectively, based on a priori information of the events around the crisis, thus causing a sample selection bias. The third issue with the test of Rigobon and Forbes (2002) that deserves reconsideration, as noted by Cho and Parhizgari (2008) , is that it does not adjust volatility continuously and is thus not accepting the stylized fact of time-varying volatility of asset returns. Cho and Parhizgari (2008) suggest the DCC-GARCH (Dynamic Conditional Correlation Generalized Autoregressive Conditional Heteroskedasticity) model of Engle and Sheppard (2001) to correct for this issue.
This paper investigates contagion in the stock markets of five Eurozone countries (namely France, Germany, Ireland, Italy, and Spain) in the period from December 3, 2003 to January 27, 2012. We concentrate on investigating whether there was a contagion from the stock markets that were among the hardest hit by the recent sovereign debt crisis in the Eurozone in the period of 2010-2012 (Ireland, Italy, and Spain) to two major Eurozone stock markets, namely of France and Germany. A modification of Forbes and Rigobon's (2002) test is proposed, based on the movingwindow approach that endogenously determines the dates of the crisis and addresses the issue of volatility adjustment.
Methodology
Let t r , 1 and t r 2 be the time series of the stock market returns of country 1 (contagion source country) and country 2 (for which we test if there was a contagion from country 1) that have been pre-filtered by a VAR (Vector Autoregressive) model in order to control for serial correlation in stock market returns and any exogenous Eurozone and global shocks (see Forbes and Rigobon (2002) for a similar specification). The VAR specification is: Forbes and Rigobon (2002) show than unconditional correlation adjusted for this bias is given by (Pericoli & Sbracia, 2003; Dungey, 2005) : (4) The hypothesis is tested using Fisher's transformation:
The test of contagion consists of testing whether after a pre-specified crisis event, the correlation has increased significantly. The methodology of Forbes and Rigobon (2002) requires an ad hoc classification of crisis and noncrisis periods and thus the results are subject to a sample selection bias (Metiu, 2011) . The other most frequently applied tests of contagion (Favero & Giavazzi's (2002) outlier test, the Pesaran and Pick's (2003) threshold test, and the Bae et al.'s (2003) co-exceedance test) determine the crisis period endogenously by identifying extreme movements in the data (Dungey et al., 2005) for a review of these methods).
In this paper we use the adjusted Forbes and Rigobon's (2002) methodology whereby the crisis and non-crisis periods do not have to be identified subjectively but rather are identified endogenously by the dynamics of the correlation coefficient. To achieve this, a movingwindow approach of Forbes and Rigobon's (2002) method is proposed, by splitting the moving-window into two equally-sized sub-windows. Using this approach, correlation between the stock market returns at time t is calculated from w observations (where w is the size of the window), centered around time t . The window is rolled forward one day at a time, resulting in a time series of correlation. This way we obtain w N  correlation coefficients. The size of the window is 200 trading days 3 . The first half of the moving-window represents the potential pre-crisis period and the second half the potential after crisis period. Contagion is identified if the movingwindow correlation increases by at least 2 standard deviations (this means that the correlation in the second half of the window is significantly higher than in the first half of the window, as indicated by the z-statistics). When the moving-window is moved forward the pre-crisis period in fact becomes a potential crisis period. If both halves of the windows are in the increased correlation period, then the correlation will not change significantly. However, if in the second half of the window the correlation is significantly smaller than in the first half of the movingwindow this reduction in the correlation is interpreted as a sign of the end of a contagion period.
Data and empirical results
Contagion between stock market returns of France, Germany, Ireland, Italy, and Spain is analyzed for the period from December 3, 2003 to January 27, 2012. The stock market returns are calculated from the main national stock indices as the differences in the logarithms of the daily closing prices of the indices. The stock indices included are: the CAC40 (for France), DAX (for Germany), ISEQ (for Ireland), FTSE-MIB (for Italy), and IBEX35 (for Spain). Days with no trading in any of the observed market were left out. The data for stock indices re obtained from Yahoo! Finance. Table 1 presents some descriptive statistics of the data.
All series display significant leptokurtic behavior as evidenced by the large kurtosis with respect to the Gaussian distribution. The Jarque-Bera test rejected the hypothesis of normally distributed time series. We also tested for stationarity of time series by the Augmented Dickey-Fuller (ADF) test and Kwiatkowski-PhillipsSchmidt-Shin (KPSS) tests and the results (not reported here, but obtainable form the author) lead to conclusion of no unit root in the return series. Table 2 reports Pearson's correlation coefficients for pair-wise observed stock indices. Notably, the correlation between the stock markets of France and Germany was the highest throughout the observed period, followed by the stock markets of France and Italy.
Results of the contagion analysis are presented graphically in Figures 1 through 3 . Figure 1 presents the plots of Forbes-Rigobon's adjusted moving-window correlation coefficients and the corresponding movingwindow z-statistics for stock market pairs France-Ireland, France-Italy, and France-Spain. The second country in the stock market pair is taken as the source country of contagion. For comparison purpose also the Pearson's moving-window correlation coefficients are drawn in the same plots. Figure 2 presents the same plots for the stock market pairs Germany-Ireland, Germany-Italy, and Germany-Spain, while Figure 3 provides the plots for the stock market pair France-Germany.
As evident from all three Figures, the correlation of stock market returns is time-varying, with significant increases as well as significant drops. Notably, the correlation between pair-wise observed stock markets increased from the start of 2004 until the start of 2007, then dropped and again rose in the period from the mid 2008 until the second half of 2009 when the concern about the sustainability of Greece's sovereign debt caused an increase in risk aversion in the Eurozone's stock markets.
As in this paper a contagion is defined as a significant positive increase in correlation between (pair-wise observed) stock market returns in the crisis period compared to non-crisis period, we are interested only in significant increases of correlation. As indicated by the z- Contagion from Italy's to France's stock market was identified at the start of 2007 and before the start of Greece's debt crisis. Clearly, the outbreak of the Eurozone's debt crisis that started with Greece's sovereign debt problems caused the most significant increase in correlation between the observed stock markets. Other major financial market disruptions (the global financial crisis, Ireland's debt crisis, and Italy's debt crisis) cannot be associated with contagion from Ireland's, Italy's, and Spain's stock markets to the stock market of France. Let us now turn to analysis of contagion from Ireland's, Italy's, and Spain's stock markets to the stock market of Germany (Figure 2) . Notably, the start of Greece's debt crisis again coincides with the contagion from the stock markets of Ireland, Italy, and Spain to the stock market of Germany. Further episodes of contagion from Ireland's to German stock markets can be identified before the start of the Middle East financial crisis, at the start of 2007, and around the start of Ireland's debt crisis.
Contagion from Italy's and Spain's to German stock market took place also around the global financial crisis. Further episodes of contagion from Italy's and Spain's to German stock market can be noticed in the second half of 2005, at the end of 2006 (from Spain to Germany) or the start of 2007 (from Italy to Germany), around the start of Greece's, and after the start of Ireland's debt crisis.
The dynamics of returns of France's and German stock markets is not just the most correlated on average (see the Pearson's correlation calculated for the whole observed period in Table 2 ) but also exhibits the least volatile timepath among the pair-wise observed stock markets (see Figure 3) . The correlation of returns between these two stock markets dropped below 0.8 just in year 2007. Although the Forbes-Rigobon's adjusted moving-window correlation demonstrates a high integration of the two stock markets, clearly there were periods when correlation between the stock markets of these two countries significantly increased (z-statistics higher than 2), and thus can be associated with a contagion as defined in this paper. These periods were at the start of 2007, the start of the global financial crisis, the start of Greece's debt crisis, after the start of Ireland's debt crisis, and the start of Italy's debt crisis.
The results of this paper confirm the findings of other studies that shift contagion has played a role in the propagation of financial shocks during the crises (Bae et al., 2003; Corsetti et al., 2005; Bekaert et al., 2005; Dungey & Martin, 2007; Candelon et al., 2005; Rodriguez, 2007; Baur & Lucey, 2009; Candelon & Manner, 2010; Metiu, 2011) and have important implications for stock market investors. Since the seminal works of Markowitz (1958) and empirical evidence of Grubel (1968) it has been recognized that the total risk of internationally diversified portfolio can be reduced as a result of less than perfect comovement between returns of the portfolio assets. Increased co-movement between asset returns therefore can diminish the advantage of internationally diversified investment portfolios. The present analysis proves that this usually occurred in the crisis periods. The contagion analysis is also important for supervisory authorities because of their implications for the stability of financial markets, and for the central banks in conducting monetary policy (Clare & Lekkos, 2000; Berben & Jansen, 2005) . 
Conclusions
In this paper we applied the definition of shift contagion of Forbes and Rigobon (2001) and a modification of their adjusted correlation test to examine whether there was a (shift) contagion in the stock markets of five Eurozone countries (namely France, Germany, Ireland, Italy, and Spain) in the period from December 3, 2003 to January 27, 2012. Contagion was investigated for pair-wise observed stock markets returns where the source countries of contagion are taken to be the stock markets of Ireland, Italy, and Spain and the recipient countries (those to which contagion potentially spilled-over) the stock markets of France and Germany. We argue that the adjusted correlation test of Forbes and Rigobon has some statistical weaknesses that have to be considered in the contagion analysis. Particularly, we addressed the issues of crisis period identification -in the Forbes and Rigobon's method this is defined subjectively, thus causing a sample selection bias -and the issue of volatility adjustment. To achieve this, a moving-window approach of Forbes and Rigobon's (2002) method is proposed, by splitting the moving-window into two equally sized sub-windows. By this method, the crisis periods are identified endogenously by the date.
We found that the correlation of stock market returns in time-varying, with significant increases as well as significant drops in correlation. Three main conclusions may be drawn from the research. Firstly, the results of this paper confirm the findings of other studies that shift-contagion has played a role in the propagation of financial shocks during the major financial crises in the investigated time period. Secondly, this finding has important implications for the risk management and portfolio management as the benefits of international diversification are reduced when contagion in stock markets occurs. Identification of contagion in stock markets is also important for the supervisory authorities and the monetary policy as different policy actions may be successful when the increase in co-movement between financial markets is a result of contagion or a result of a change in interdependence between the markets. Thirdly, as a sample selection bias can occur in determination of a crisis period in the Forbes and Rigobon's method of contagion analysis, a method should be used that endogenously determines the crisis periods. 
